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Abstract 
A wood-plastic louver was designed for use as a building façade. Development consisted of two parts. The first part 
was an experimental establishment of wood-plastic composite properties to be used in the design. This was not a 
straightforward procedure as wood-plastic properties not only varied due to natural material content but also due to 
size, and the actual section was not yet produced. The second part was to develop the section design via finite 
element analytical model. The wood-plastic louver section from the preliminary design must be modified to satisfy 
the strength and serviceability requirements. The design remedy included steel reinforcement as recommended. The 
development process led to a satisfactory design and a practical alternative suitable for both production and 
construction. The process can be applied to other designs of wood-plastic sections subjected to different loading 
conditions and applications. 
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1. Introduction 
Compared to cement-based wood composites, which were developed in 3000 B.C. [1], the 
development of polymer-based wood composites, which were developed during 1910-1930 [2, 3], is not 
yet mature. Apart from moderate strength and dimension-dependent properties which it seems to inherit 
from wood, wood-plastic composite also exhibits creep and UV sensitivity, properties which belong to  
polymer-based materials. However, the material under investigation is made of about 30% of rubber 
wood sawdust from the furniture industry, making it attractive as a ‘greener’ material. Since the 
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properties of this study’s wood-plastic material depends upon a cross-section which has yet to be 
designed, it is necessary to evaluate its elastic properties from available products. These properties can 
then be used to design the section via finite element modeling. The strategy of design was: 
• Use an experimental program to estimate the necessary elastic properties of wood-plastic composite to 
be used. 
• Through model simulation, modify the preliminary design and recommend the design modification 
and remedy. 
2. Product description 
The wood-plastic composite (WPC) investigated is a product of the ThaiHybrid Company which 
funded a research project during 2008-2010 to establish its properties and recommend a design for using 
WPC as a building façade. The patented product is made of 30% rubber wood sawdust and thermoplastic 
(high density polyethylene; HDPE) by the process of extrusion. 
3. Experiment program and results 
As mentioned earlier, the mechanical properties of WPC are dimension-dependent, so the properties of 
the product yet to be produced were undetermined. The strategy was therefore to establish the properties 
of existing products and estimate or define strength or serviceability limitations for the targeted product. 
The following are the results of the experimental program. 
3.1. Tensile strength 
To establish tensile strength limitations and properties, 10 specimens as shown in Figure 1 were 
prepared according to ASTM D143-09. Direct tension via the universal testing machine was applied to 
each specimen and a dial gate was installed. Three of the specimens submitted were defective and were 
excluded from the experiment. The results shown in Table 1 consist of fracture stresses, modulus of 
elasticity from 20% to 50% of fracture stress, and maximum elongation. 
 
 
 
Fig. 1. Tensile test specimens 
3.2. Compressive strength parallel to extrusion  
Compression tests on 10 submitted WPC 1.5”×1.5”×6” (ASTM D143-09) parallel to the extrusion line 
were conducted. The average compressive strength was found to be 20.35 MPa and the average 
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compressive modulus of elasticity was 772.54 MPa. Two submitted specimens were defective and were 
excluded from the experiment. Table 2 shows the actual test results. 
 
Table 1. Tensile test results 
 
Specimen E (20-50%σt) (Mpa) Maximum Elongation (cm) Stress at Fracture (MPa) 
1 Defective 
2 Defective 
3 Defective 
4 1104.7 0.7900 18.05 
5 951.33 0.6300 13.73 
6 1317.22 0.6700 16.29 
7 901.26 0.6600 14.95 
8 1180.96 0.5300 16.72 
9 1317.22 0.5900 16.78 
10 951.33 0.6900 16.07 
Average 1028.05 0.7100 15.89 
SD 108.50 0.1131 3.05 
 
Table 2. Compressive test parallel to extrusion 
 
Specimen Compressive Strength (MPa) Compressive Elastic Modulus (MPa) 
1 Defective 
2 Defective 
3 18.96 675.47 
4 18.60 926.66 
5 20.18 870.86 
6 21.59 576.11 
7 20.71 509.48 
8 21.01 772.10 
9 21.24 851.07 
10 20.54 998.59 
Average 20.35 772.54 
SD 1.06 172.33 
3.3. Shear strength parallel and perpendicular to extrusion 
As shear capacity could govern the design, it must be established. Ten 2”×2” ×2.5” specimens were 
tested both parallel and perpendicular to the extrusion line. The average shear strengths parallel and 
perpendicular to extrusion were found to be 8.24 MPa and 10.17 MPa respectively. Table 3 shows the test 
results. 
3.4. Flexural properties 
Flexural properties are probably the most crucial, as the building façade’s main function is to transfer 
the wind load to building components through bending. Louvers which form the façade of buildings must 
not be overstressed or undergo excessive displacements. As mentioned previously, various properties of 
woods and wood-plastic composites are dimension-dependent. This is especially so for flexural properties. 
As the actual louver section is yet to be designed and manufactured, the strategy for its estimation has 
been established as follows: 
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• Perform the rupture test (ASTM D198-05a) of five 1.5”x1.5”x17” span specimens to establish their 
standard properties. 
• Establish size-dependent relationships by performing rupture tests of several spans (13”, 14”, 15”, and 
17”) such that the relationship between the equivalent modulus, (Eeq) and the height to span ratio (h/L) 
can be established. 
• Perform full scale flexural tests on available products of comparable size to the product to be designed. 
 
Table 3. Shear parallel and perpendicular to the extrusion  
 
Specimen Shear parallel to extrusion (MPa) Shear perpendicular to  extrusion (MPa) 
1 8.55 10.26 
2 7.98 9.98 
3 8.55 10.17 
4 7.60 10.17 
5 8.55 10.26 
6 8.27 10.17 
7 8.46 10.17 
8 7.98 10.17 
9 8.46 10.17 
10 7.98 10.17 
Average 8.24 10.17 
SD 0.33 0.08 
 
Table 4 shows the results of rupture tests for five 1.5”×1.5”×17” specimens with average rupture 
stresses and standard deviations. 
 
Table 4. Results from rupture tests 
 
Specimen Modulus of Rupture (MPa) 
1 Defective 
2 31.05 
3 29.90 
4 29.81 
5 30.99 
Average 30.44 
SD 0.67 
 
Table 5 shows how equivalent elastic modulus (Eeq) varies. 
 
Table 5. Equivalent modulus of elasticity from variable span test 
 
Equivalent elastic modulus  (MPa) 
Specimen 
13” 14” 15” 17” 
1 2369.60 2862.22 2972.78  Defect 
2 3055.54 2843.51 3344.38  3934.09 
3 2385.83 3425.65 2524.06  4121.42 
4 2322.21 2605.13 2548.10  3727.03 
5 2599.49 2733.28 Defect 4078.27 
Eeq Average 2546.53 2893.96 2847.33 3965.20 
SD 303.87 314.44 390.23 177.84 
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Fig. 2.  shows the relationship between the equivalent modulus; Eeq and its h/L ratio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Relationship between the equivalent modulus (Eeq) and its h/L ratio. 
 
Fig. 3(a). and Fig. 3(b). show the available sections and the load-deflection curves. Load deflections 
were tested at a span length of 80 centimeters. 
 
 
 
 
Fig. 3. (a) Section of available product (b) Load deflection curves 
 
Average modulus at service load and rupture modulus were found to be 1,457 MPa and 16.28 MPa 
respectively. 
4. Design development 
Once the elastic and strength properties of the wood-plastic composites were established, the design 
development of the louver for the building façade could proceed with the scheme shown in Fig. 4. Apart 
from the dead load which is its weight, the façade must be able to take a lateral wind load safely and 
satisfy service requirements of allowable deflection under service and extreme wind loads. Static 
equivalent wind load from the national authority was compiled, taking into account the location, the 
proportionality of building, and the typhoon factor [4]. The preliminary maximum allowable deflection 
considered was L/180. Table 6 summarizes wind loads for the major and minor axes for both typhoon and 
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non-typhoon cases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Design Development Scheme 
 
Table 6 Wind load summary 
 
Wind direction Wind condition Along X-Axis (Pa) Along Y-Axis (Pa) 
Non-typhoon 803.917 746.494 
Typhoon 937.687 870.709 
5. Model simulation and result 
Beam elements with modulus of elasticity of 58,573 ksc were used for the finite element analysis. The 
program used was MSC Nastran, and its model is shown in Fig. 5. Model simulation results and section 
requirements are summarized in Table 7 and Fig. 6. It was found that in order to satisfy the strength 
requirement, two 1”×1” rectangular steel pipes of 2.3 mm thickness must be inserted into the section. Not 
only will these pipes ensure strength requirements for bending, but they are also needed so that the 
maximum shear at both ends supports remain within allowable limits. It was found that even with two 
steel pipes the deflection still went over L/180. However, it is left to the designer and manufacturer to 
resolve these concerns. 
 
Table 7. Results from finite element analysis (WPC with 2-1.0”×1.0” reinforced steel pipes) 
 
Wind condition Max. Deflection  Bending stress Shear force at supports Shear stress at supports 
 (cm) (ksc) (kg) (ksc) 
  Steel WPC Steel WPC Steel WPC 
Non-typhoon 3.1  864 9.8 14.886 10.1724 7 0.16288 
Typhoon 3.6 1016 11.4 17.3627 11.8646 8 0.1899 
 
Load Description Initial Design 
Design Requirements 
Model Simulation 
Design 
Recommendations
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Fig. 5. Finite element model of beam under wind load 
 
 
 
Fig. 6. Section of WPC louver and reinforcement 
6. Summary 
The design development process developed has provided the manufacturer with a louver design for 
building façades which satisfies both preliminary architectural design and engineering strength 
requirements. It also provided information on serviceability such as maximum deflection under wind load 
for the building designer and product manufacturer so that appropriate decisions can be made. The 
process can be used to develop products for different applications where some data developed herein can 
be applied. 
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